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Abstract
Background: Shift work is closely related with workers' health. In particular, sleep is thought to be affected by shift
work. In addition, shift work has been reported to be associated with the type or direction of shift rotation, number
of consecutive night shifts, and number of off-duty days. We aimed to analyze the association between the night
shift rotation interval and the quality of sleep reported by Korean female shift workers.
Methods: In total, 2,818 female shift workers from the manufacturing industry who received an employee physical
examination at a single university hospital from January to August in 2014 were included. Subjects were classified
into three groups (A, B, and C) by their night shift rotation interval. The quality of sleep was measured using the
Korean version of the Pittsburgh Sleep Quality Index (PSQI). Descriptive analysis, univariate logistic regression, and
multivariate logistic regression were performed.
Results: With group A as the reference, the odds ratio (OR) for having a seriously low quality of sleep was 1.456
(95% CI 1.171–1.811) and 2.348 (95% CI 1.852–2.977) for groups B and C, respectively. Thus, group C with the
shortest night shift rotation interval was most likely to have a low quality of sleep. After adjustment for age, obesity,
smoking status, alcohol consumption, exercise, being allowed to sleep during night shifts, work experience, and
shift work experience, groups B and C had ORs of 1.419 (95% CI 1.134–1.777) and 2.238 (95% CI 1.737–2.882),
respectively, compared to group A.
Conclusion: Our data suggest that a shorter night shift rotation interval does not provide enough recovery time to
adjust the circadian rhythm, resulting in a low quality of sleep. Because shift work is influenced by many different
factors, future studies should aim to determine the most optimal shift work model and collect accurate, prospective
data.
Introduction
With the advancement of various industries, different
types of shift work are being implemented throughout
the world. Although the definition of shift work has not
been made clear in the literature, most studies have
referred to shift work as hours worked during and out-
side of regular weekdays that are organized into 2-shift
or 3-shift systems and include night work, rotation
work, and work during irregular hours [1]. Globally, ap-
proximately 15–30 % of employees do shift work [2, 3].
In South Korea, a report by Statistics Korea in 2011 on
3414 companies with ten or more employees reported
that approximately 15.2 % of these companies adopted
shift work systems [4].
The association between shift work and health has been
thoroughly investigated through large cohort studies, such
as the Nurses’ Health Study from the US [5]. Moreover,
studies have reported that numerous factors are related
with shift work, including physiological mechanisms such
as the inappropriate secretion of melatonin [6] or cortisol
[7], a reduced activity of the sympathetic nerve system [8],
sleep disorders [9], cardiovascular diseases [10, 11],
metabolic syndrome [12], gastrointestinal diseases
[13], psychiatric disorders [14], anxiety [15], or stress
[16]. In addition, tumors such as breast cancer [17],
colorectal cancer [18], and prostatic cancer [19] are
known to be related to shift work.
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In addition, numbers of studies have been performed
to establish relationship between shift work and sleep
[20–24]. One of the causes of sleep disorders due to shift
work is the disruption of the circadian rhythm [20,25].
The circadian rhythm controls the diurnal variation
of the sleep-wake cycles as well as various physio-
logical functions [26]. Although the circadian rhythm
cannot be directly measured, problems in the rhythm
can be identified by identifying changes in these
physiological functions. In fact, previous reports have
found that the secretion of melatonin [6], the diurnal
rhythm of cortisol [7], and the regulation of core body
temperature [27], all of which are closely associated
with sleep, are not present in shift workers. As shift
work is not a temporary environmental change, like jet
lag, chronic disruptions in the circadian clock can re-
sult. Therefore, shift work should be regarded as a
highly important cause of circadian rhythm disruption.
In general, it reportedly takes approximately one hour
of correction for every 24 h of change to a circadian
rhythm [28]. In this sense, the night shift rotation inter-
val(times between successive night shift days group and
next successive night shift days group) is the recovery
period for these disrupted circadian rhythms, therefore,
is a crucial factor in studying shift work sleep disorders.
But there are no direct associated studies about night
shift rotation interval.
Some previous studies have reported that the quality
of sleep in employees did not depend on what kind of
shift system they worked (a 3-shift system or 2-shift
system) [29, 30]. Because a 3-shift system has a longer
night shift rotation interval than a 2-shift system does,
the results of those studies may mean a difference of
sleep quality by night shift rotation interval may be not
large. However, these previous studies did not control
for the direction of shift or number of consecutive night
shifts. Therefore, it is difficult to understand the ac-
tual changes to night shift rotation interval and their
impact on sleep quality. In addition, the subjects from
previous studies had up to three to four days per
week as off-duty days. This work schedule is very
uncommon in South Korea.
Previous findings have also suggested that women shift
workers have a lower quality of sleep than men shift
workers do [31]. Furthermore, studies on female workers
other than nurses are rare. To this end, we aimed to
study the influence of night shift rotation interval on




In total, 2877 female shift workers who received an
employee physical examination between January to
August 2014 at a single university hospital were
eligible for our study. Among them, 54 subjects who
did not complete the questionnaire and five with
missing data were excluded. Finally, 2818 females were in-
cluded in this study. The subjects were categorized into
one of three groups (A, B, or C) according to their night
shift rotation interval. Those in groups A and B worked in
the same electronic appliance manufacturing plant. Group
A’s shifts changed every two weeks based on the
schedule for their 4-team 3-shift system. Group B
worked in the 3-team 2-shift system and rotated
shifts every two weeks. Those in group C worked at a
different electronic appliance manufacturing plant and
had the same 3-team 2-shift system as group B, but
group C’s shift changed every six days. Figure 1
shows a schematic diagram of shift schedule and
night shift rotation interval. Group A had the longest
interval, 6 weeks, Group B had 4 weeks, and Group
Fig. 1 Schematic diagram of shift rotation interval
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C had the shortest interval, 12 days. At the point of
consecutive working times, all groups had more than
those of 3 days, so that means they had worked with
slow rotating shift.
This study was reviewed by the institutional review
board (IRB) before implementation and all questionnaires
were obtained under consent of the participants (IRB No.
2015-SCMC-005-00).
Study variables and measurements
General characteristics
Demographic and life style characteristics including age,
marital status, education level, body mass index, alcohol
consumption, smoking status, exercise, work experience,
and shift work experience were investigated. The age
range was 20–39 years, and participants were divided
into two age groups: 20–29 and 30–39 years. Marital
status was classified as unmarried, married, or divorced;
there were no widowed subjects. The highest level of
education completed was collected as graduating from
middle school, high school, junior college, a 4-year uni-
versity, or a graduate program. These data were further
categorized as high school and below or junior college
and above. Body mass index was used to classify sub-
jects as underweight (<18.5 kg/m2), normal weight
(18.5–24.9 kg/m2), or overweight (≥25.0 kg/m2), accord-
ing to the World Health Organization criteria [32].
Alcohol consumption was measured by calculating the
average amount of alcohol consumed per week in grams,
and then subjects were classified as non-drinkers, moder-
ate drinkers (<60 g/week), or heavy drinkers (≥60 g/week).
In addition, subjects were classified as non-smokers or
smokers. Exercise was classified as exercising <3 times per
week or ≥3 times per week. Sleep occurring during work
hours was also investigated. Last the length of work
experience and shift work experience were categorized as
<5 years, 5–9 years, or ≥10 years for each variable.
Sleep quality
We used the Korean version of the Pittsburgh Sleep
Quality Index (PSQI) [33]. The PSQI consists of seven
components: subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbances,
use of sleep medication, and daytime dysfunction.
Scoring of answers is based on a 0 to 3 scale,
whereby 3 reflects the negative extreme on the Likert
scale (0 = not at all, 3 = extremely). The total possible
score is 21 points. We categorized subjects as those
with good sleep quality (≤5 points) or bad sleep quality
(≥6 points) based on the recommendations made by
Buysee et al. [34]. Of the detailed items that make up
the quality of sleep in PSQI, to identify items shown in
the differences between the three groups, the answers
were divided into two categories, 1 ~ 2 and 3 ~ 4, and
then we calculated an odds ratio of replying more
negative answer (3 ~ 4).
Statistical analysis
Descriptive statistics were used for each category of the
following variables: socio-demographic characteristics,
occupation, and shift work experience. To examine the
association between night shift rotation interval and
sleep quality, univariate logistic regression analysis was
conducted. Besides the night shift rotation interval,
factors such as age [35], body mass index [36], smoking
status [37], alcohol consumption [38], exercise [35], being
allowed to sleep during a night shift [39], work experience
[40], and shift work experience [40] were hypothesized to
influence sleep quality of sleep, and thus were adjusted for
in the multivariate analyses.
The above categorical variables were converted into
dummy variables, and then analyzed using multivariate
logistic regression. The associations between each ad-
justed variable and sleep quality were also analyzed
through univariate logistic regression analysis. All
statistical tests were performed using PASW 18.0
(IBM SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was set at 0.05.
Results
Of the 2818 total subjects, 431, 1517, and 850 were in
groups A, B, and C, respectively. For the age group dis-
tribution in each group, groups A and B had a similar
distribution (group A: 84.7 % were 20–29 and 15.3 %
were 30–39, group B: 89.2 % were 20–29 and 10.8 %
were 30–39), but group C had a high proportion of
those aged 30–39 years (78.1 % were 20–29 and 21.9 %
were 30–39) (P < 0.001). For marital status, groups B
and C both had a similar value about proportion of
married female (14.4 %, 12.9 %), whereas group A
had the highest proportion of married women
(25.5 %) (P < 0.001). For education level, groups A
and B, who work in the same company, had a similar
proportion of women with a high school or lower
level of education (60.1 and 65.1 %, respectively).
However, group C had the highest proportion of
those with a high school or lower level of education
(74.9 %) (P < 0.001). Regarding smoking status, group
C had a remarkably high percentage of smokers
(group A, 4.4 %; group B, 2.9 %;, and group C,
20.5 %). (P < 0.001).
Group C had the lowest proportion of non-drinkers
(39.9 %) compared to that of group A (50.8 %) or B
(52.0 %). However, moderate drinkers accounted for
26.5 % in group A, 27.2 % in group B, and 32.5 % in
group C. Heavy drinkers represented 22.7 % in group A,
22.1 % in group B, and 27.6 % in C (P < 0.001). There
was no significant difference across the three body
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mass index groups. The percentage of those in the
underweight group were 11.8, 13, and 14 % and in
the overweight group were 13.5, 14, and 17.6 % for
groups A, B, and C, respectively (P = 0.062).
Concerning exercise, group A had the highest propor-
tion of those who exercised ≥3 times per week (group A,
63.3 %; group B, 60.3 %; and group C, 54.8 %) (P = 0.005).
Group A also had the highest proportion of women who
were allowed to sleep during night shifts (97.2 %) (group
B, 90.0 % and group C, 76.4 %) (P < 0.001). Regarding
work experience, group B had the greatest proportion of
those with <5 years (51.9 %) followed by group C (39.8 %)
and A (22.5 %). Group A had the highest proportion of
those with ≥10 years of experience (35.5 %), while groups
B and C showed similar proportions (23.1 and 25.8 %,
respectively) (P < 0.001). A similar trend was found for
shift work experience. Group B had the highest percentage
of those with <5 years of shift work experience (52.8 %),
while group A had the highest proportion of those with
≥10 years of shift work experience (35.9 %) (P < 0.001).
Overall, all of the measured factors except for work ex-
perience and shift work experience differed for each
company. Furthermore, groups B and C had higher
proportions of those with shorter work experience
than group A did (Table 1).
Table 2 shows the relationship between our measured
variables including the night shift rotation interval and
sleep quality. When we compared the different night
shift rotation interval across the three groups, the odds
ratios (OR) and 95 % confidence intervals (CI) of having
severely low quality of sleep were as follows: group B
had an OR of 1.456 (95 % CI 1.171–1.811) and group C
had an OR of 2.348 (95 % CI 1.852–2.977) with group A
as the reference group. These data suggest that those in
group C are most likely to experience a low quality of
sleep. For statistical adjustment, factors such as age,
body mass index, smoking status, drinking, exercise, be-
ing allowed to sleep during night shifts, work experience,
and shift work experience were used. After adjustment,
group B had an OR of 1.419 (95 % CI 1.134–1.777) and
group C had an OR of 2.238 (95 % CI 1.737–2.882) with
group A as the reference group.
In the covariate analysis, sleep quality tended to be
better among those aged 30–39 compared to those
aged 20–29, but this finding was not statistically sig-
nificant (OR 0.834, 95 % CI 0.665–1.046). Compared
to the normal weight group, both the underweight
and overweight groups had a higher percentage of
women with low sleep quality, but no statistical sig-
nificance was found. Compared to non-smokers,
smokers were more likely to have low sleep quality
(OR 1.415, 95 % CI 1.053–1.899). In addition, alcohol
consumers tended to experience low sleep quality, but
the relationship was only statistically significant
among the heavy drinkers (OR 1.418, 95 % CI 1.170–
1.720). The association was not statistically significant
among the moderate drinkers (OR 1.133, 95 % CI
0.948–1.354).
Table 1 General characteristics of study subjects
Variables Group A Group B Group C P-valuea
Number (%) Number (%) Number (%)
Age <0.001
20’s 365 (84.7) 1,371 (89.2) 664 (78.1)
30’s 66 (15.3) 166 (10.8) 186 (21.9)
Marital status <0.001
Unmarried 320 (74.2) 1,311 (85.3) 737 (86.7)
Married 110 (25.5) 222 (14.4) 110 (12.9)
Divorced 1 (00.2) 4 (00.3) 3 (00.4)
Education Level <0.001
≤ High school 261 (60.6) 1,000 (65.1) 637 (74.9)
≥ College 170 (39.4) 537 (34.9) 213 (25.1)
Smoking <0.001
No 412 (95.6) 1,492 (97.1) 676 (79.5)




No 219 (50.8) 799 (52.0) 339 (39.9)
Mild 114 (26.5) 418 (27.2) 276 (32.5)
Moderate 98 (22.7) 340 (22.1) 235 (27.6)
Obesity (BMI) 0.062
18.5–24.9 322 (74.7) 1,122 (73.0) 581 (68.4)
< 18.5 51 (11.8) 200 (13.0) 119 (14.0)
≥ 25.0 58 (13.5) 215 (14.0) 150 (17.6)
Exercise 0.005
< 3 times per
weeks
158 (36.7) 610 (39.7) 384 (45.2)
≥ 3 times per
weeks




No 12 (02.8) 154 (10.0) 431 (23.6)
Yes 419 (97.2) 1,383 (90.0) 1,537 (76.4)
Job tenure <0.001
< 5 years 97 (22.5) 798 (51.9) 338 (39.8)
5–9 years 181 (42.0) 384 (25.0) 293 (34.5)




< 5 years 100 (23.2) 811 (52.8) 341 (40.1)
5–9 years 198 (45.9) 425 (27.7) 354 (41.6)
≥ 10 years 133 (35.9) 301 (19.6) 155 (18.2)
acomparison by chi-squared test
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Exercise had no effect on sleep quality, but those who
exercised ≥3 times per week had a slightly low sleep
quality (OR 0.962, 95 % CI 0.818–1.133). Prior to adjust-
ment, only those with ≥10 years of work experience were
likely to have a high quality of sleep (OR 0.798, 95 % CI
0.653–0.976). However, after adjustment, the group with
5–10 years of experience was significantly more likely to
have higher sleep quality than the group with <5 years
work experience was. In general, subjects with longer
work experience were more likely to experience a higher
quality of sleep.
Concerning shift work experience, longer shift work
experience tended to result in a high quality of sleep be-
fore adjustment, but after adjustment, longer shift work
experience was more likely to lead to a low quality of
sleep. In particular, this finding was statistically signifi-
cant in those with ≥10 years of experience (OR 1.906,
95 % CI 1.102–3.296). Sleep quality was not found to be
related with being allowed to sleep during night shift
work (OR 1.199, 95 % CI 0.951–1.511).
Table 3 shows the distribution of each group’s PSQI
score, their average score, and the average amount of
sleep per night. Group C had the highest proportion of
women with a low sleep quality (59.8 %, ≥6 points in
PSQI) compared to groups A and B (38.7 % and 48.0 %,
respectively) (P < 0.001). The average PSQI score was
also highest in group C (group A, 5.32 ± 2.98; group B,
5.75 ± 2.95; and group C, 6.63 ± 3.01). Moreover, the
average amount of sleep was lowest in group C (group
A, 7.06 ± 1.58 h; group B, 6.63 ± 1.24 h; and group C,
5.95 ± 1.47 h).
Table 4 shows the percentage of those who answered
above 3 at some PSQI question. Those questions are re-
lated with subjective sleep quality, sleep latency (cannot
get to sleep within 30 min), sleep disturbance (wake up
in the middle of the night or early morning), daytime
dysfunction (sleepiness or concentration disturbance).
For all three groups, only group C was significantly
more likely to not fall asleep within 30 min (OR 1.294,
95 % CI 1.020–1.643). Those with a poor subjective
sleep satisfaction in groups A, B, and C were 30.2 %,
41.1 %, and 41.9 %. The OR was highest in group C
(OR 1.669, 95 % CI 1.304–2.136), suggesting that
group C had the lowest subjective sleep satisfaction of
all three groups. In addition, the proportion of those
who answered experiencing sleepiness and a difficulty
concentrating during day-time shifts was highest in
group C, followed by groups B and A. Group C also
Table 2 Association between quality of sleep and shift work,
and other factors
Variables Crudea Adjustedb
ORc 95 % CId OR 95 % CI
Length of night–shift Cycle
Group A (6 weeks) 1 1
Group B (4 weeks) 1.456 1.171–1.811 1.419 1.134–1.777
Group C (12 days) 2.348 1.852–2.977 2.238 1.737–2.882
Age
20–29 1 1
30–39 0.834 0.665–1.046 0.883 0.670–1.163
Obesity (BMI)
18.5–24.9 1 1
< 18.5 1.000 0.787–1.270 1.059 0.844–1.329
≥ 25.0 1.119 0.891–1.403 1.072 0.865–1.328
Smoking
No 1 1
Current 1.990 1.482–2.670 1.415 1.053–1.899
Alcohol consumption
No 1 1
Mild 1.193 0.987–1.443 1.133 0.948–1.354
Moderate 1.611 1.314–1.976 1.418 1.170–1.720
Regular Exercise
< 3 times per weeks 1 1
≥ 3 times per weeks 0.962 0.818–1.133 0.936 0.803–1.092
Job tenure
< 5 years 1 1
5–9 years 0.904 0.747–1.093 0.552 0.340–0.896
≥ 10 years 0.798 0.653–0.976 0.474 0.275–0.816
Job tenure (Shift work)
< 5 years 1 1
5–9 years 0.937 0.781–1.125 1.557 0.964–2.515
≥ 10 years 0.848 0.682–1.053 1.906 1.102–3.296
Sleep during working
Impossible 1 1
Possible 1.015 0.810–1.273 1.199 0.951–1.511
aanalysised by simple logistic regression analysis
badjusted by age, obesity, smoking, alcohol consumption, regular exercise, job
tenure, shift work tenure, sleep during working
codds ratio, dconfidence interval
Table 3 General PSQI results and mean sleep time comparison
by group
Variables Group A Group B Group C P-valuea
N (%)b N (%) N (%)
Sleep quality <0.001
Good 264 (61.3) 800 (52.0) 342 (40.2)
Poor 167 (38.7) 737 (48.0) 508 (59.8)
Mean PSQIc Score 5.32 ± 2.98 5.75 ± 2.95 6.63 ± 3.01
Mean sleep time(hour) 7.06 ± 1.58 6.63 ± 1.24 5.95 ± 1.47
acomparison by chi-squared test
bPercentage of subjects who reply above 3 at each PSQI questionnaire
cPittsburgh Sleep Quality Index
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had the highest OR for sleepiness (OR 2.096, 95 %
CI 1.596–2.752) and low concentration (OR 2.757,
95 % CI 1.815–4.187).
Discussion
Our study focused on the influence of the night shift
rotation interval on sleep quality and demonstrated
that the group with the shortest night shift rotation
interval (group C) had the lowest sleep quality (OR
2.348, 95 % CI 1.852–2.977). This result persisted after
adjustment for important covariates (OR 2.238, 95 %
CI 1.737–2.882).
Various factors affect shift work. It has been reported that
the type of shift work, direction of shift rotation, number of
consecutive night shifts, and number of off-duty days dur-
ing shift work other than a night shift rotation interval can
affect sleep quality. In this study, although each group
worked a different shift systems (group A, 4-team 3-shift
system whereas groups B and C, 3-team 2-shift system),
group C was the most likely to have a low quality of
sleep, even when compared with group B which has
the same 3-team 2-shift system.
In addition, all of these groups worked on a non-
consecutive shift system, which has been reported to
hardly affect sleep quality [1]. In our study, all three
groups have slow rotating shift, the number of consecu-
tive night shifts did not differ greatly between groups
(groups A and B worked five days and group C worked
four days consecutively). Moreover, longer successive
night shifts have been found to be associated with lower
sleep quality; however, we were not able to investigate
the influence of longer successive night shifts.
In addition, the clockwise rotation of shift work has
been reported to lead to better sleep quality [41]. How-
ever, group A’s direction of shift rotation was counter-
clockwise. In addition, the number of off-duty days was
the same (two days) in all three groups. Therefore, any
differences in sleep quality in this study were likely due
to the night shift rotation interval. The results of this
study suggest that a shorter night shift rotation interval
leads to lower sleep quality.
Generally, shift workers are known to have a shorter
average amount of sleep, daytime sleepiness, and/or low
concentration. Avoidance of these consequences of low
sleep quality is important because these conditions affect
the workers’ cognitive performance and behaviors during
work hours, therefore potentially increasing the
incidence of occupational injuries [42, 43].
According to Wilkins et al. [44], the average amount
of sleep was 6.7 h for fixed night shift workers, 6.3 h for
shift workers with a weekly changing schedule, and 5.8 h
for shift workers with shorter shift rotation. We also
found a shorter night shift rotation interval to be associ-
ated with a shorter average amount of sleep (average
amount of sleep was 7.06 h for group A, 6.63 h for
group B, and 5.95 h for group C), which is congruent
with the previous study’s results. In addition, a detailed
analysis of the PSQI demonstrated that group C had the
worst subjective quality of sleep as well as highest pro-
portion of daytime sleepiness and difficulty maintaining
concentration, followed by groups B and A, suggesting
that a shorter night shift rotation interval is associated
with lower subjective sleep quality and more severe
daytime sleepiness.
Previous studies have found older shift workers to
have more changes in their circadian rhythms called
morningness as well as physical weakness, leading to a
lower quality of sleep than their younger counterparts
have [31, 35]. However, age was not associated with
sleep quality in this study. One reason for this discrep-
ancy might be that, in the previous studies, the age
groups with low sleep quality mostly comprised adults
older than 40 years, which is outside of the age range in-
cluded in the present study.
Obesity is known to be associated with sleep apnea as
well as to directly affect the quality of sleep [36]. How-
ever, in this study, obesity was not significantly related
with sleep quality. We think the result caused by that
subjectives are more sensitive young women than other
age. Furthermore, previous studies have reported that
smokers experience a low quality of sleep [37], and our
study also found smokers to have a lower quality of sleep
than non-smokers (OR 1.415, 95 % CI 1.053–1.899).
Alcohol consumption, like obesity, has been found to
be associated with sleep-related diseases including sleep
apnea. Although moderate drinking produced conflicting
results in its association with sleep, heavy drinking has
been reported to be related with a low quality of sleep
[38]. In this study, heavy drinkers were more likely to
experience a lower quality of sleep than non-drinkers
Table 4 Odds ratio about number of subjects who reply above
3 points at some PSQI questionnaire by group
Variables Group A Group B Group C
ORa (95 % CI†) OR (95 % CI) OR (95 % CI)
Q1b Referent 1.617 (1.285–1.304) 1.669 (1.304–2.136)
Q2c Referent 1.131 (0.907–1.410) 1.294 (1.020–1.643)
Q3d Referent 1.176 (0.950–1.457) 1.014 (0.804–1.279)
Q4e Referent 1.325 (1.022–1.718) 2.096 (1.596–2.752)
Q5f Referent 1.920 (1.279–2.884) 2.757 (1.815–4.187)
aodds ratio, †confidence interval
bDuring the past month, how would you rate your sleep quality overall?
(PSQI 6)
cCannot get to sleep within 30 min (PSQI 5–a)
dWake up in the middle of the night or early morning (PSQI 5–b)
eDuring the past month, how often have you had trouble staying awake while
driving, eating meals, or engaging in social activity? (PSQI 8)
fDuring the past month, how much of a problem has it been for you to keep
up enough enthusiasm to get things done? (PSQI 9)
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were (OR 1.418, 95 % CI 1.170–1.720). In addition, exer-
cise was not significantly related with sleep quality.
However, in the present study, we did not evaluate the
time of day the exercise was performed, which is an
important factor in evaluating sleep quality [35].
Rosekind et al. [39] performed a study at the US
National Aeronautics and Space Administration and
found that pilots who took a 40-min cockpit nap dur-
ing a flight ≥7 h had improved safety and efficiency,
whereas those who took a 10–15 min nap had lowered
arousal levels. Their study is the only experimental study
ever conducted on a cockpit nap. Based on their study, a
nap of certain amount is needed in order to be an effective
solution to sleepiness during night work. In our study,
those who were allowed to sleep during night shifts had a
slightly lower occurrence of daytime sleepiness and con-
centration loss, yet these findings were without statistical
significance. Those who were allowed to sleep during
night shifts also had a slightly higher quality of sleep than
those who were not allowed to sleep during night shifts,
but this finding also lacked statistical significance. The
reason for this is thought to be that a detailed analysis was
not performed because we could not know when and how
long the subjects could sleep during night shifts due to
the limitations in the collection of study data.
Longer work experience and shift work experience are
known to lower the risk for cardiovascular diseases, by
helping workers adapt to their environment [40].
However, no study has discovered the association be-
tween these variables and sleep quality to date. This
study demonstrated that longer work experience
(≥10 years of experience) might be associated with
high sleep quality (OR 0.474, 95 % CI 0.275–0.816).
Nonetheless, a longer experience in shift work was
associated with a lower quality of sleep (OR 1.096,
95 % CI 1.102–3.296).
Limitations
Due to the limitations in the collection of the data, shift
changeover times of subjects were not clearly identified
because all of the data used in the present study were
collected at one employee physical examination. Because
the reported quality of sleep may differ depending on
whether the subjects were currently working day shifts
or night shifts at the time of data collection [41], further
studies that assess this factor are needed.
There is a difference on daily working time. Both B,
C team work same duration for 12 h, but A team has
8 h working time. It is possible that may affect to
sleep quality. But after eliminating A group, we ana-
lyzed quality of sleep between B and C group. In the
comparison of group that has same daily working
time, C group worse quality of sleep than B group
(OR 1.440, 95 % CI 1.187–1.747).
Conclusion
Despite several limitations, this study demonstrated that
a shorter night shift rotation interval provides less time
to recover a disrupted circadian rhythm, thus resulting
in a low reported sleep quality. So in building a shift
work schedule, securing enough period of night shift
rotation interval has a benefit to maintain and improve
the sleep quality of employees. Applying in practice, in
Korea, weekly rotation is very frequent. If this rotation
changed into a 2 weeks or longer period schedule, we
expect that could improve sleep quality of employees.
Also, night shift rotation interval is correlated with num-
bers of rotation team. In same rotation schedule and
type (for example 1 weeks, 2-shift), 4 team has longer
night shift rotation interval than 3 team. So increasing
numbers of team is concluded to better quality of sleep.
There is no doubt the elimination of shift work is most
effective to workers’ health management. However shift
work is influenced by various factors such as socioeco-
nomic factors. Future research should aim to find the most
optimal model of shift work for minimizing human health
effect.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors read and approved the final manuscript.
Received: 9 March 2015 Accepted: 7 December 2015
References
1. Sallinen M, Kecklund G. Shift work, sleep, and sleepiness – differences
between shift schedules and systems. Scand J Work Environ Health. 2010;
36(2):121–33.
2. Agnès PT, Enrique FM, John H, Greet V. Fourth European working
conditions survey. Luxembourg: Office for official Publications of the
European Communities; 2007. p. 22.
3. Shields M. Shift work and health. Health Rep. 2002;13(4):11–33.
4. Ministry of Labor. Result analysis of working time survey. Gwacheon:
Ministry of Labor; 2011.
5. Nurses’ Health Study. Available: http://www.channing.harvard.edu/nhs/
6. Burch JB, Yost MG, Johnson W, Allen E. Melatonin, sleep, and shift work
adaptation. J Occup Environ Med. 2005;47(9):893–901.
7. Touitou Y, Motohashi Y, Reinberg A, Touitou C, Bourdeleau P, Bogdan A,
et al. Effect of shift work on the night-time secretory patterns of melatonin,
prolactin, cortisol and testosterone. Eur J Appl Physiol Occup Physiol. 1990;
60(4):288–92.
8. Tsatsoulis A, Fountoulakis S. The protective role of exercise on stress system
dysregulation and comorbidities. Ann N Y Acad Sci. 2006;1083:196–213.
9. Akerstedt T. Shift work and disturbed sleep/wakefulness. Sleep Med Rev.
1998;2(2):117–28.
10. Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE, Speizer FE, et al.
Prospective study of shift work and risk of coronary heart disease in
women. Circulation. 1995;92(11):3178–82.
11. Ayas NT, White DP, Manson JE, Stampfer MJ, Speizer FE, Malhotra A. A
prospective study of sleep duration and coronary heart disease in women.
Arch Intern Med. 2003;27(3):205–9.
12. Karlsson B, Knutsson A, Lindahl B. Is there an association between shift work
and having a metabolic syndrome? Results from a population based study
of 27,485 people. Occup Environ Med. 2001;58:747–52.
13. Segawa K, Nakazawa S, Tsukamoto Y, Kurita Y, Goto H, Fukui A, et al. Peptic
ulcer is prevalent among shift workers. Dig Dis Sci. 1987;32(5):449–53.
Kim et al. Annals of Occupational and Environmental Medicine  (2015) 27:31 Page 7 of 8
14. Salma U, Rao KK. Shift work and depression. Int J Environ Res Dev.
2014;4(4):417–22.
15. Kleppa E, Sanne B, Tell GS. Working overtime is associated with anxiety
and depression: the Hordaland Health Study. J Occup Environ Med.
2008;50(6):658–66.
16. Zhu JL, Hjollund NH, Andersen AM, Olsen J. Shift work, job stress, and late
fetal loss: the national birth cohort in Denmark. J Occup Environ Med.
2004;46(11):1144–9.
17. Davis S, Mirick DK, Stevens RG. Night shift work, light at night, and risk of
breast cancer. J Natl Cancer Inst. 2001;93(20):1557–62.
18. Schernhammer ES, Laden F, Speizer FE, Willett WC, Hunter DJ, Kawachi I,
et al. Night-shift work and risk of colorectal cancer in the Nurses’ health
study. J Natl Cancer Inst. 2003;95(11):825–8.
19. Kubo T, Ozasa K, Mikami K, Wakai K, Fujino Y, Watanabe Y, et al. Prospective
cohort study of the risk of prostate cancer among rotating-shift workers:
findings from the Japan collaborative cohort study. Am J Epidemiol.
2006;164(6):549–55.
20. Siegel JM. Clues to the functions of mammalian sleep. Nature. 2005;437:1264–71.
21. Folkard S, Tucker P. Shift work, safety and productivity. Occup Med (Lond).
2003;53(2):95–101.
22. Virtanen M, Ferrie JE, Gimeno D, Vahtera J, Elovanio M, Singh-Manoux A.
Long working hours and sleep disturbances: the Whitehall II prospective
cohort study. Sleep. 2009;32(6):717–8.
23. Rosa RR, Härmä M, Pulli K, Mulder M, Näsman O. Rescheduling a three shift
system at a steel rolling mill: effects of a one hour delay of shift starting
times on sleep and alertness in younger and older workers. Occup Environ
Med. 1996;53(10):677–85.
24. Barton J, Folkard S, Smith L, Poole CJ. Effects on health of a change
from a delaying to an advancing shift system. Occup Environ Med.
1994;51(11):749–55.
25. Haus E, Smolensky M. Biological clocks and shift work: circadian
dysregulation and potential long-term effects. Cancer Causes Control.
2006;17(4):489–500.
26. Klein DC, Morre RY, Reppert SM, editors. Suprachiasmatic nucleus: the
Mind’s clock. New York: Oxford University Press; 1991.
27. Zulley J, Wever R, Aschoff J. The dependence of onset and duration of
sleep on the circadian rhythm of rectal temperature. Pflugers Arch.
1981;391(4):314–8.
28. Wever R. Phase shifts of human circadian rhythms due to shifts of artificial
Zeitgebers. Chronobiologia. 1980;7:303–27.
29. Tucker P, Smith L, Macdonald I, Folkard S. The impact of early and late shift
changeovers on sleep, health, and wellbeing in 8- and 12-h shift systems.
J Occup Health Psychol. 1998;3(3):267–75.
30. Härmä M, Tenkanen L, Sjöblom T, Alikoski T, Heinsalmi P. Combined effects
of shift work and life-style on the prevalence of insomnia, sleep deprivation
and daytime sleepiness. Scand J Work Environ Health. 1998;24(4):300–7.
31. Ogińska H, Pokorski J, Ogiński A. Gender, ageing, and shiftwork intolerance.
Ergonomics. 1993;36(1–3):161–8.
32. WHO western pacific region. The Asia-pacific perspective: redefining obesity and
its treatment. Sydney: Health Communications Australia Pty Ltd; 2000. p. 17.
33. Kim GD. A study on quality of sleep and sleep disturbing factors among
community dwelling elderly. Korean J Soc Welfare Aged. 2000;7(1):173–92.
Korean.
34. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
sleep quality index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193–213.
35. Härmä M. Ageing, physical fitness and shiftwork tolerance. Appl Ergon.
1996;27(1):25–9.
36. Wolk R, Shamsuzzaman AS, Somers VK. Obesity, sleep apnea, and
hypertension. Hypertension. 2003;42(6):1067–74.
37. Phillips BA, Danner FJ. Cigarette smoking and sleep disturbance. Arch Intern
Med. 1995;10(155(7)):734–7.
38. Roehrs T, Roth T. Sleep, sleepiness, and alcohol use. Alcohol Res Health.
2001;25(2):101–9.
39. Rosekind MR, Graeber RC, Dinges DF, Connel LJ, Rountree MS, Gillen K.
Crew factors in flight operations IX. Effects of planned cockpit rest on crew
performance and alertness in longhaul operations, Technical Memorandum
A-94134. Moffet Field, CA: NASA; 1995.
40. Tenkanen L, Sjöblom T, Kalimo R, Alikoski T, Härmä M. Shift work,
occupation and coronary heart disease over 6 years of follow-up in the
Helsinki Heart Study. Scand J Work Environ Health. 1997;23(4):257–65.
41. Barton J, Folkard S. Advancing versus delaying shift systems. Ergonomics.
1993;36:59–64.
42. Lombardi DA, Wirtz A, Willetts JL, Folkard S. Independent effects of sleep
duration and body mass index on the risk of a work-related injury: evidence
from the US National Health Interview Survey (2004–2010). Chronobiol Int.
2012;29(5):556–64.
43. Violanti JM, Fekedulegn D, Andrew ME, Charles LE, Hartley TA, Vila B, et al.
Shift work and the incidence of injury among police officers. Am J Ind Med.
2012;55(3):217–27.
44. Wilkinson RT. How fast should the night shift rotate? Ergonomics.
1992;35:1425–46.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Kim et al. Annals of Occupational and Environmental Medicine  (2015) 27:31 Page 8 of 8
